We present here our study on pulsed laser processings, particularly on molecular alignment, the change of microporosity and wettability of polymer and ceramic surfaces. Polarized pulsed laser-induced periodic surface structures (LIPSS ) of sub-0.25 µm size in a large area have been reported with polyimides, poly(ethylene terephthalate) and other polymer films using 4th harmonic Nd:YAG laser[l] and Ar-F excimer laser irradiation.
Introduction
High electrical field application, and uni-axial stretching are commonly used technique to align polymeric chains.
Recently, chemical vapor deposition of functional monomers under the influence of polarized pulsed laser beam is reported to give rise to aligned polymer films which are suitable for liquid crystalline molecular alignment. [3] During the generation of polarized pulsed laser induced periodic surface structures (LIPSS), polymer surfaces of depth of about 50 nm are heated up repeatedly for a very short time, 5 to 10 nsec, and then cooled to an ambient temperature. Thus, melting and solidification repeatedly appeared on the surfaces under the polarized UVlight. The directional electric field associated with polarized pulsed laser beams induces the alignment of dipole moments of polymer structures during the melting period, and will be frozen in cooling.
The alignment would be revealed by the dichroism of polarized reflected infra-red spectrum of the LIPSS areas. The molecular segmental alignment of poly(ethylene terephthalate), PET, induced by polarized pulsed laser irradiation has been clearly demonstrated in our study for the first time. We extended our study to polyimide and polysulfone films. The change of hydrophilicity caused by excimer laser irradiation was reported. [4] This study is extended to the fundamental and 2nd harmonic irradiation of Nd:YAG laser, as studied with quartz crystal microbalance method. Apparent non-absorbing pulsed laser induced the increase of wettability which may be caused by laser pressure.
We extend our study to ceramic surfaces such as alumina where direct electroless metal deposition were carried out. 3. Results and Discussion LIPSS Patterns . The LIPSS pattern of PET we used for the study is shown in Fig. 1 , which shows a wide area image with each line of 100 nm width. The reflected FT-IR spectra obtained with Bio-Rad FTS 6000 are shown respectively in Fig. 2 and 3 for nonirradiated areas and for the LIPSS area. Here, (a) spectra were taken in 0° polarization , parallel to polymer lines image, (b) 180° polarization, (c) 90° polarization, and (d) 270° polarization. It is clearly shown in Fig. 3 that the C-H stretching vibrational mode is intensified in the LIPSS area only, but not in non-irradiated area when the polarization plane of probing FT-IR beam becomes 90° to the lines. When the probe polarization plane is parallel to the lines, no increase in the FT-IR signal was observed. Because the Nicolet instrument detects a wider area with a granzing angle than the Bio-Rad instrument, the results obtained provides better understanding as shown in Fig. 4 . Fig. 4 shows polarized reflective FT-IR spectra of annealed PET in both non-irradiated and LIPSS areas; (I) is for the region between 2500 to 3500 cm -1 for C-H stretching and hydrogen-bonded O-H stretching vibrations, and (II) the spectra between 680 to 1 780 cm -1 obtained after Kramers-Kronig Transformation. [5] Here, (a) is for LIPSS area with the polarization plane of the IR at 90/270° angle to the lines (A1), (b) for nonirradiated area with the same angle of the polarization plane as in (a) (A1), (c) for LJPSS area with the polarization plane of the IR at 0/180° angle to the lines (A// ), (d) for non-irradiated area with the same angle of the polarization plane as in (c) (A11) ,and (e) dichroic spectrum (A1 -A11 ) after subtracting from non-irradiated areas (b) and (d) respectively. According to Fig. 4(e) , the C-H stretching vibration of 3000 cm-1 in the LIPSS area has a stronger response to the 90° polarized IR to the lines, while the C=0 stretching of 1 724 cm-1 in the LIPSS area has a stronger response to the polarized IR parallel to the lines in comparison with the non-irradiated areas. Thus, this dichroic spectrum indicates that in the LIPSS area the C=0 groups of PET is preferentially oriented parallel to the lines, while the GH groups of -CH2CH2 -has the stretching vibration vertical to the lines. The O-H frequency signal at 3432 cm-1 which showed the dichroic behavior is due to the terminal, hydrogen-bonded hydroxy group. The picture of the molecular orientation is shown in Fig. 5 .
Experimental
Dipole orientation of the carbonyl groups of PET in the electrical field of laser pulse is a decisive force to align the polymer molecular segments in repeated heated periods. As many as 800 pulses are required to generate the LIPSS patterns.
To our knowledge such segmental alignment of polymer chains induced by pulsed laser exposure has never been reported except the polymer growth case in chemical vapor Molecular alignments: Among all the polymers studied, PET exhibits the most obvious dichroism in its LIPSS area in comparison with polystyrene, polysulfone , and polyimide. PET is a semicrystalline polymer, whereas others are amorphous polymers. Molecular alignments may have taken place in a cooperative way in the crystalline regions. The glass temperatures of PET and polystyrene are also lower than those of polyimide and polysulfone. The lower the glass temperature , the easier the molecular alignments appear. Polyimide structures may be too rigid for any significant molecular orientation. The advantage of PET is that it has a fairly strong UV-absorbing group at 266 nm. Together with the crystalline nature and a low Tg PET exhibits the most significant molecular alignment during the LIPSS fabrication. Increase of microporosity and wettability: We have reported previously the imagewise wetting of polyimide surfaces by excimer laser irradiation at 193 and 248 nm. Surprisingly imagewise wetting was found with composite polymer films with polyimide and non-absorbing materials. We have studied the increase of microporosity with quartz crystal microbalance method. Even though the polymer matrix did not absorb photons, the microporosity still increased and wettability was observed. This change may be explained in terms of pulsed laser pressure waves, causing the porosity in the media. Metal deposition on ceramic surfaces: We coated ceramic surfaces such as alumina surfaces with PdCl4 , then exposed the surface imagewise through a mask with Nd:YAG laser at 266 nm. Pd metal particulates were formed on the surface, giving the seeds for electroless plating. We were successful depositing copper layer imagewise on alumina in this way. 
Conclusion
The laser induced periodic surface structures (LIPSS) are generated when substrates, here polymers, were subjected to pulsed polarized UVlight exposure in several hundred times; polymers have to have sufficient UV-absorption with a fairly high Tg temperature. Because the polymers are repeatedly heated to melting and cooling in a period of 10 nsec under the influence of directional electrical field associated with polarized light beams, polymer functional groups with an electrical dipole tend to orient along the electrical vector during the heated period, giving rise to molecular alignment and dichroism in LIPSS area. The most obvious dichroism has been found in the LIPSS area of poly(ethylene terephthalate); the reason for this enhanced dichroism with PET may be due to its crystalline structures with directional carboxylic group present. Pulsed laser irradiation was also used to increase wettability, caused by generation of microporosity induced by pulsed laser exposure. Another application studied was direct metal deposition on ceramic surfaces.
